Platelet-activating factor (PAF) produced by embryos remained associated with mouse four-cell embryos after culture in vitro and was also released into the medium. The release of PAF into medium required albumin as a media supplement and the amount of PAF released increased (P< 0.05) with increasing albumin concentration. There was a trend for the amount of PAF remaining associated with embryos to decrease as the extracellular albumin concentration increased. The association of released PAF with albumin was confirmed by size fractionation with size exclusion membranes and high performance gel filtration, and by affinity chromatography (Cibacron blue and anti-BSA) and native PAGE. PAF released from embryos was not degraded by serum PAF:acetylhydrolase (PAF:AH; E.C. 3.1.1.47) after exposure for 24 h to the serum in vitro, while an equivalent concentration of synthetic PAF added to identical media was readily degraded, suggesting that PAF released from the embryo was protected from PAF:AH action. However, when the medium was subjected to organic extraction by the Bligh\p=n-\Dyer(methanol/chloroform) method and the resulting extract added to equivalent media, embryo-derived PAF was readily degraded by PAF:AH. Furthermore, PAF in embryo-conditioned medium (30 two-cell embryos for 24 h) could not be detected after direct assay of the culture medium by radioimmunoassay or bioassay (platelet aggregation in vitro), yet after extraction, purification and addition to medium with BSA, the embryo-derived PAF was readily detected in either assay. To determine whether the different behaviour of synthetic PAF and embryo-derived PAF resulted from differences in the nature of their binding to albumin, the location to which PAF bound was assessed by limited proteolytic digestion of albumin. Digestion with pepsin or trypsin showed that embryo-derived PAF was located exclusively between amino acids 240 and 386 (domain II) of albumin. Most synthetic PAF added to equivalent medium not exposed to embryos was not at this location, suggesting that PAF released from embryos bound to a site on albumin not generally accessible to synthetic PAF added to similar media. fluid reached its minimum on days 2-3 of pregnancy. PAFAH activity on day 5 and day 7 of the luteal phase, for tissue and " Correspondence.
Introduction
Platelet-activating factor (PAF; l-0-alkyl-2-acetyl-sn-glycero-3phosphocholine) is a biologically active ether phospholipid. It has wide tissue distribution and may be a potent mediator involved in inflammation, neural activity and reproduction. The preimplantation embryos from a variety of mammalian species release PAF in vitro (mouse: O'Neill, 1985a; Kodama et al, 1989;  human : Collier et al, 1990; Punjabi et al, 1990;  sheep: Battye et al, 1991; rabbit: Minhas et al, 1993) . Embryo-derived PAF may act as an autocrine stimulant of embryonic metab¬ olism and growth (Ryan et al, 1990; Roberts et al, 1993; Nishi et al, 1995; Stoddart et al, 1996; O'Neill, 1997) and also causes alterations to some aspects of maternal physiology in early pregnancy, including thrombocytopenia and splenic contrac¬ tion (O'Neill, 1985b) , changes in the vasculature of the uterine tube of mice (Stein and O'Neill, 1994) , regulation of embryo transport through the oviduct in the hamster (Velasquez et al, 1995) , and the induction of early pregnancy factor expression (Orozco et al, 1986) . PAF may also modulate prostaglandin secretion by the uterus in vitro (Smith and Kelly, 1988) and in vivo (Battye et al, 1992) and the activation of phospholipase C Battye et al, 1992) and phospho¬ lipase D (Ahmed el al, 1992) in the uterus.
Platelet-activating factor is generally considered to have a very short half-life in vivo (Stafforini et al, 1989) . If this is also the case in the reproductive tract, it is uncertain that embryoderived PAF would accumulate to sufficient concentrations to be able to exert the effects claimed for it. It has been shown that the activity of PAF:acetyIhydrolase (PAFAH; EG. 3.1.1.47) in the mouse uterus is regulated by the ovarian steroids (O'Neill, 1995) . Progesterone suppresses PAFAH activity in the uterus while oestradiol increases its activity. The activity of PAFAH in endometrial tissue and in uterine luminal uterine fluid, respectively, was 780% and 5874% higher than this nadir. Thus, at the time that embryos and endometria (Angle et al, 1988) are producing PAF, PAFAH activity in the uterus is at its lowest, suggesting that any PAF produced may have an increased half-life and thus achieve higher concentrations in the reproductive tract.
A consistent observation in this field has been that the release of PAF by embryos in vitro is highly variable. In view of the several functions that PAF may play in early pregnancy, a greater understanding of its release is warranted. Further¬ more, studies of several cell types suggest that PAF retained by cells may be biologically relevant. This study investigates the extent to which embryos retain PAF and the nature of the release of PAF from embryos and its binding to carrier molecules in vitro.
Materials and Methods
Mouse embryo culture Two-cell mouse embryos were collected from superovulated Swiss outbred albino mice (6 weeks old: Department of Veterinary Physiology, University of Sydney) as described by Ammit and O'Neill (1991) . The embryos were collected approximately 38 h after the ovulatory injection of hCG and washed extensively in medium free of protein and all other macromolecules to remove exogenous proteins. Thirty two-cell embryos were cultured for 24 h at 37°C in 5% C02 in air in tissue culture tubes (Falcon 2003: Becton-Dickinson, Franklin Lakes, NJ) with 1 ml of embryo culture medium containing 0, 3, 30 or 3000mg BSA ml"1 (Pentex: Miles, Kankakee, IL).
Embryos were cultured in human tubai fluid medium (HTFM;
Quinn et al, 1985) . For all experiments, control tubes were prepared in an identical manner but did not have embryos added and were incubated for an equivalent period. After culture for 24 h, the media and embryos or media alone (control) were removed from each tube and placed into an organ culture dish (Falcon). Embryos were recovered from the dish, rinsed in Hepes-buffered HTFM (Quinn et al, 1985) with 3 mg BSA ml~1 , collected in minimal volume (2-3 ml) and stored frozen. The remaining embryo-conditioned medium (ECM) or control medium was gassed with 100% C02 and stored at -20°C. Before PAF extraction and bioassay, embryos were resuspended in HTFM + 3 mg BSA ml~' and sonicated for 10 s.
Platelet-activating factor extraction and assay
Platelet-activating factor was extracted by a modification (Collier et al, 1990) of the Bligh-Dyer organic extraction method (Bligh and Dyer, 1959) , followed by partial purification by thin-layer chromatography (Collier et al, 1990) . PAF was measured in a platelet aggregation bioassay or radioimmunoassay (NEN Du Pont, Wilmington, IL, USA) as described by Ammit and O'Neill (1991) .
Preparation of embryo-conditioned media pools
For production of large amounts of material for purifi¬ cation and characterization studies, pools of ECM of defined embryo-derived PAF bioactivity were produced by assaying aliquots from individual ECM samples. Those with detectable PAF concentrations were pooled. An ECM pool with an embryo-derived PAF concentration of 10 ng ml~: in medium containing 3 mg BSA ml~: resulted. An ECM pool with 30 mg BSA ml~was also prepared and this had an embryoderived PAF concentration of 15 ng ml~~( this was used for high performance gel filtration chromatography and limited proteolysis experiments).
Control tubes containing HTFM + 3 mg BSA ml"1 or HTFM + 30 mg BSA ml~: were treated in the same manner, but not exposed to embryos. The control media were pooled and halved. One half was left untreated and acted as a control blank for all procedures described and the other half was used to prepare control solutions containing synthetic PAF (L-aphosphatidylcholine, ß-acetyl-y-O-alkyl; Sigma Chemical Co., St Louis, MO) to an equivalent concentration to embryoderived PAF in the ECM pools. This control medium is referred to as the 'synthetic PAF' pool. It was made by dissolving PAF in chloroform (BDH, Poole) to a concentration of 1 mg ml~\ Aliquots of this stock solution were added to a siliconized glass test tube (Becton-Dickinson) and then reduced to dryness under a continuous stream of dry nitrogen. Control medium was then added to the tube containing PAF. The PAF was dissolved by vortexing the medium for 3 min, and then incubating for at least 1 h at 37°C under 5% C02 in air (although incubation for up to 24 h achieved an identical result). More than 95% of the PAF was dissolved with this technique. A trace amount of [3H]PAF (l-0-[hexadecyl-l',2',-3H(N) ]-, 60 Ci mmol l_1:fjnal concentration of 375 pmol I-1; NEN Du Pont) was added to both embryo-conditioned and control media. This trace was detected by liquid scintillation counting (Eco-lite: ICN Biomedicals, Costa Mesa, CA) in aliquots after each processing step. Assessment of susceptibility of embryo-derived platelet-activating factor to hydrolysis by platelet-activating factor-.acetylhydrolase The effect of PAFAH on embryo-derived PAF in the ECM pool was compared with its effect on PAF in the corresponding synthetic PAF pool. Serum was collected from a healthy volunteer. It was heat-inactivated (20 min at 56°C), half was left untreated and the remainder acid-treated with 1 mol HC1 1( BDH) to pH3 for 20 min at 37°C and then returned to pH 7.4 by 1 mol NaOH 1 " I (BDH). This treatment deactivates PAFAH (Wardlow et al, 1986 ). The PAF:AH specific activity was measured as described by O'Neill (1995) . Untreated or acid-treated sera (100 µ ) were added to 5 ml tissue culture tubes containing 900 µ of ECM pool or corresponding syn¬ thetic PAF pool, and after 24 h incubation at 37°C, in 5% C02 in air, medium was extracted and the PAF concentration measured by bioassay.
Detection of platelet-activating factor without prior organic extraction Preliminary experiments showed that embryo-derived PAF was not detectable when either bioassays or radioimmunoassay were performed on ECM without prior organic extraction.
Experiments were performed to characterize whether this was a feature of PAF released from embryos or whether it also occurred with synthetic PAF. Three comparisons were made.
(1) Synthetic PAF was prepared by two methods to assess whether the method of preparation caused artefacts in PAF detection in direct radioimmunoassay. (2) To determine whether the exposure of PAF to albumin for increasing periods influenced its detection in direct radioimmunoassay, synthetic PAF was prepared by two different methods and then added to HTFM + 3 mg BSA ml " 1 and left at 37°C in 5% C02 in air, for 1 h or 24 h. The latter condition exactly controlled for the conditions of embryo culture. (3) Embryo-conditioned medium or synthetic PAF was assayed in the radioimmunoassay and bioassay without organic extraction, and then compared with the results for PAF present following Bligh-Dyer extraction, partial purification of PAF by TLC and addition to HTFM+ 3 mg BSA ml"1.
The two methods of preparation of PAF were: (a) that described above which involved dissolving PAF in chloroform, bringing it to dryness under nitrogen in a siliconized tube and then dissolving it by the addition of HTFM + 3 mg BSA ml~; and (b) first dissolving dry PAF in 20 µ of 100% ethanol (BDH) and then adding 1 µ PAF in ethanol to 1 ml of HTFM + 3 mg BSA ml~. The medium was vortexed for 3 min, and then incubated for 1 h and 24 h at 37°C under 5% C02 in air. The efficiency of these two methods in bringing PAF to solution was monitored by using trace [ HJPAF as described above.
Each of these experiments was performed in triplicate. For the experiments in (1) and (2), the PAF solutions were subjected to several serial dilutions before assay, which allowed standard curves to be generated and confirmation of linearity.
Characterization of the protein carrier of PAF in ECM Aliquots (1 ml) of the synthetic PAF and ECM pools were added to a 30 kDa molecular mass cut-off microconcentrator (Centricon-30: Amicon, MA) and separated into > 30 kDa (concentrate) and < 30 kDa (filtrate) fractions by centrifugation using a fixed angle (28°) rotor (3000 # for 1 h at room temperature). The volume of the concentrate was approxi¬ mately 50 µ . Both the concentrate and filtrate were brought to 1 ml with the addition of HTFM + 3 mg BSA ml " \ PAF extracted and measured by bioassay. Protein concentration (Protein Microassay: Bio-Rad, Richmond, MA) and recovery of the [ H]PAF trace were also measured.
An ECM pool and its appropriate synthetic PAF pool were concentrated 6.7-fold using microconcentrators and injected into a Biosep SEC-S2000 column (300 mm long 7.8 mm internal diameter) (Phenomenex, Torrance, CA) used with a Biosep-SEC-S guard column (75 mm long 7.8 mm internal diameter) (Phenomenex). The mobile phase was 0.05 mol phosphate buffer 1~( Sigma) with 20%
(v/v) acetonitrile (BDH), pH 7.0, with a flow rate of 0.5 ml min" . Fractions between the void volume and total volume of the chromatogram were assessed for recovery of radiolabelled PAF and protein concentration (using the acetonitrilecompatible Micro BCA method: Pierce, Rochford, IL), and PAF bioactivity was measured by bioassay after extraction of the fractions.
Since embryo culture was performed in an entirely defined medium with BSA as the only protein supplement, affinity chromatography (with Cibacron blue and anti-BSA) was per¬ formed to determine whether PAF was associated with albu¬ min. Synthetic PAF and ECM pools were concentrated tenfold and 100 µ of the concentrate applied to 2 ml bed volume of Affi-gel blue (50-100 mesh: Bio-Rad) and the gel washed with 12 ml 0.03 mol phosphate buffer 1~, pH 7.0 (unbound fraction). BSA was eluted with 12 ml 1.4 mol NaCl 1~in phosphate buffer (bound fraction). The protein concentration, [3H]PAF trace recovery and the bioactive PAF concentration were measured in the bound and unbound fractions.
An anti-BSA gel was prepared by coupling rabbit antibovine albumin (purified immunoglobulin fraction of rabbit antiserum: Dako, Carpintería, CA) to cyanogen bromideactivated Sepharose (Pharmacia, Uppsala). Approximately 19 mg of anti-BSA antibody was coupled to 5 ml bed volume Sepharose. The capacity of this gel for BSA, applied in HTFM, was~1.5 mg BSA per 5 ml of gel. Batch chromatography was performed in siliconized glass tubes. Concentrated samples of ECM and synthetic PAF pools were added to the matrix and mixed for 60 min, the gel was washed with 25 ml PBS (pH 7.4) (unbound fraction) and elution of BSA was achieved by mixing the gel for 60 min with 5 ml of 0.1 mol glycine-HCI 1( pH 2.5) containing 0.05% Tween-80 (v/v) (bound fraction).
Fractions were separated by removing supernatants after centrifugation (200 g for 2 min at room temperature). The [ H]PAF trace recovery, protein and bioactive PAF concentration were measured in each pool.
Characterization of the binding site of platelet-activating factor on albumin by limited proteolytic analysis Large fragments of BSA were prepared by limited proteolysis with pepsin (E.C. 3.4.23.1, from pig stomach mucosa: Sigma) and trypsin (E.C. 3.4.21.4, Type XIII, L-l-tosylamide-2phenylethylchloromethyl ketone-treated, from bovine pan¬ creas: Sigma). The methods were as described by Feldhoff and Peters (1975) and Peters and Feldhoff (1975) . Pepsin was prepared in 0.12 mol ammonium formate 1~( Sigma), pH 3.7, and trypsin in 0.04 mol Tris-HCl 1~: (Sigma), pH 8.15. Pepsin digestion was performed at a 1:250 pepsin:BSA ratio (w:w) and trypsin was used at 1:750 (w:w). The size of the major digestion products were estimated by SDS-PAGE using the PhastSystem (Pharmacia) with homogeneous 20% gels and visualized by Coomassie blue/silver stain. Amino-terminal sequence analysis was performed to identify the peptides produced. The fragments were prepared and separated by 15% SDS-PAGE using a Mini-PROTEAN II system (Bio-Rad).
Peptides were electroblotted onto polyvinylidene difluoride membranes (Bio-Rad) (Matsudaira, 1987) and visualized by Coomassie blue stain. The transferred peptides were sequenced on a Beckman LF3000 series protein sequenator (by Macquarie University Centre for Analytical Biotechnology, Sydney).
Embryo-conditioned medium and its respective synthetic PAF pool were subjected to proteolytic digestion or sham digestion and the products were separated on native PAGE gels (15%). The gels were sliced and regions containing fragments of interest were excised. The gel slices were Cibacron blue has a high capacity but incomplete selectively for albumin. Anti-BSA bound to Sepharose had a lower capacity but high selectivity for albumin. When ECM or the synthetic PAF pool were added to these affinity matrices, all PAF (embryo-derived, [ H]PAF trace and unlabelled synthetic PAF) bound to the affinity columns (see Fig. lb , c for ECM pool results). Washing of the columns with mobile phase designed to remove albumin resulted in a high recovery of PAF for both ECM and synthetic PAF ( > 80% for Cibacron blue, > 90% for anti-BSA).
The results of these four fractionation procedures showed that embryo-derived PAF consistently migrated with BSA and was therefore likely to be bound to albumin. Synthetic PAF migrated with albumin in some procedures but, unlike embryoderived PAF, it was adsorbed by the silica matrix of the HPLC gel filtration column. This difference in behaviour may suggest that synthetic PAF was bound to BSA with a lower affinity than was embryo-derived PAF. degraded to a significant extent (P < 0.05). This difference may suggest the presence of an embryo-derived inhibitor of PAF:AH, yet the ready metabolism of [3H]PAF added to embryo-conditioned media ( > 90%) indicates otherwise. An alternative explanation is that embryo-derived PAF associates with a protective carrier. To examine this possibility, ECM and synthetic PAF pools were subjected to organic extraction and TLC and then added to media containing BSA. Exposure to 10% (v/v) untreated or acid-treated serum for a further 24 h resulted in degradation by serum PAF:AH of both extracted embryo-derived and synthetic PAF (Fig. 2b) , while acid-treated serum was without effect.
Further indirect evidence for a carrier molecule for embryoderived PAF was found during PAF assays. Media from five separate mouse embryo cultures were pooled and divided into aliquots for PAF assay by bioassay and radioimmunoassay, before and after extraction by the Bligh-Dyer method. In order to quantify PAF directly in the unextracted mouse culture media, the radioimmunoassay procedure was modified to allow Values are means ± sem (n = 3).
''Method 1: PAF was dissolved in chloroform, brought to dryness under nitrogen in a siliconized tube and then dissolved by the addition of HTFM+ 3 mg BSA ml-'. bMethod 2: dry PAF was dissolved in 20 µ of 100% ethanol and then 1 µ of PAF in ethanol was added to 1 ml of HTFM + 3 mg BSA ml~'. use of HTFM + 3 mg BSA ml " ! as the diluent for the PAF standards. In neither the bioassay nor the radioimmunoassay was PAF detected in ECM before extraction. After extraction, however, all mouse embryo culture media tested were positive for PAF. The median PAF concentration was 20.5 ng ml_ (Q1-Q3, 11.5-38.7 ng ml"1) and 17.7 ng mb1 (Q1-Q3, 7.7-24.7 ng ml-1) for the bioassay and radioimmunoassay, respectively. PAF present in the synthetic PAF pool was detected readily by both the radioimmunoassay and the bioassay without prior organic extraction. This inability to detect embryo-derived PAF in direct assay was not simply the result of the long incubation time of embryos, since synthetic PAF was detected after addition to identical media after either 1 h or 24 h incubation ( Table 2) . The ability to detect synthetic PAF in direct assay occurred with two different methods of PAF preparation (Table 2 ), suggesting that this may be a general feature of soluble PAF. The amount of PAF detected where PAF had been prepared as an ethanolic solution tended to be lower than the other method. This appears to be at least partly due to the lower solubility of PAF with this method, as assessed by the recovery of [ HJPAF trace (100.0% recovery for method 1 versus 80.4% for method 2). Taken together, these results suggest that the inability to detect embryoderived PAF in direct assay may be a property acquired upon release of PAF from the embryo.
The relative resistance of PAF in ECM to the actions of PAF:AH and its inability to be detected in direct assays is consistent with embryo-derived PAF being associated with a carrier. Synthetic PAF or extracted embryo-derived PAF added to media containing albumin did not show these properties. Taken at face value, these results are not consistent with albumin acting as a carrier molecule. Yet, characterization studies showed that embryo-derived PAF migrated with albu¬ min. To reconcile these different results, further characterization of the nature of the association of embryo-derived PAF with albumin was performed by undertaking limited proteolytic digestion of albumin. Large peptic and tryptic fragments of BSA (583 amino acid residues) were prepared by limited proteolysis using estab¬ lished methods (Feldhoff and Peters, 1975; Peters and Feldhoff, 1975) . The sizes of the fragments were assessed by SDS-PAGE. Limited pepsin digestion of BSA produced a single major 120 Synthetic PAF Embryo-derived PAF Fig. 3 . Recovery of embryo-derived platelet-activating factor (PAF) (in comparison with synthetic PAF recovery) on ( ) sham digested BSA, (0) peptic fragment P-44 (residues 1-386), or (D) tryptic fragment T-23 (residues 199-583) . PAF was extracted and measured by bioassay after fragments were separated by preparative native PAGE. Histograms represent means + sem of three replicates (except for , which shows representative data). product of 45.3 kDa, referred to as P-44 (after the nomenclature of Feldhoff and Peters, 1975; Reed et al, 1975) . P-44 corre¬ sponds to domains I and II of BSA, that is, amino acid residues 1-386 (Feldhoff and Peters, 1975; Reed et al, 1975) . The identity of P-44 was confirmed by amino-terminal sequencing of the first ten residues. The resulting sequence (NH2-Asp-Thr-His-Lys-Ser-Glu-Ile-Ala-His-Arg-) is unique to the first ten amino acids of albumin. T-23 was prepared with trypsin and had an apparent molecular mass of 36.5 kDa on SDS-PAGE. This fragment corresponds to domains II and III of BSA (amino acids 240-583; Peters and Feldhoff, 1975; Reed et al, 1975) . A number of attempts were made to determine the first ten residues of T-23. However, reliable analysis of T-23 could only be obtained for the first four residues (NH2-Val-His-Lys-Ala-). This four amino acid sequence corresponds uniquely to amino acids 240-243 of albumin. A disulfide bridging of the hexapeptide amino acids 199-204 to Cys244 (which has been described by Peters and Feldhoff, 1975, The association of PAF with these major proteolytic frag¬ ments was assessed by subjecting ECM or the synthetic PAF pools to digestion. As a control, similar pools were treated with vehicle not containing enzyme (sham digestion). After digestion or sham treatment, samples were applied to prepar¬ ative native PAGE. The gels were sliced to recover the regions corresponding to albumin and its major digestion fragments (T-23, P-44) . PAF was extracted from these slices and its concentration measured by bioassay. After sham digestion of the ECM pool, all of the embryo-derived PAF was found with undigested BSA (Fig. 3) . Stoichiometric recovery of embryoderived PAF occurred on both P-44 and T-23 fractions of albumin from the ECM pool. By contrast, after sham digestion, only 60% of the PAF in the synthetic PAF pool was recovered on albumin and, after digestion, little synthetic PAF was recovered on P-44 and T-23 (Fig. 3) . These results suggest that embryo-derived PAF bound to a site common to both frag¬ ments. The common region was between amino acid residues 240 and 386. The stoichiometric relationship between the amount of embryo-derived PAF detected and the amount of P-44 and T-23 recovered indicates that this common site was also the major binding site for embryo-derived PAF. By contrast, PAF added to solution in the synthetic PAF pool was found at relatively low concentrations at this location. This suggests that PAF added to solution either does not readily bind to that site on albumin accessed by embryo-derived PAF or does so with a lower affinity and is readily dissociated by a range of manipulations.
Discussion
This work shows that a significant amount of PAF remains associated with the preimplantation mouse embryo. It has been previously shown that the mouse embryo uses simple sub¬ strates to synthesize PAF de novo (Wells and O'Neill, 1992) and possesses some key enzymes for its biosynthesis (Wells and O'Neill, 1994) , suggesting that the PAF remaining associated with the embryo is likely to be produced by the embryo. The intracellular retention of PAF synthesized by cells has been reported for other cell types (see Bratton and Henson, 1989 and references therein) and it has been suggested that this may indicate a role in intracellular (Stewart et al, 1989) or juxtacrine signalling (Zimmerman et al, 1993) .
The present study also confirms previous observations (O'Neill, 1985a; Kodama et al, 1989; Ammit and O'Neill, 1991; Ammit et al, 1992) of the release of PAF into medium by mouse preimplantation embryos. It shows that this release was dependent upon the extracellular albumin concentration, with the amount of PAF released increasing as the albumin concen¬ tration increased. While small amounts of PAF were detected in some media with no albumin added, this may well be due to carry-over of some albumin from the media that was used to collect the embryos (it contained 3 mg BSA ml~x ). The albumin dependence of PAF release has been demonstrated for other cell types (Benveniste et al, 1972; Ludwig et al, 1985) and may well be a general phenomenon.
The trend towards a reduced embryo-retained PAF content at higher extracellular BSA concentrations suggests that the retained PAF is depleted as PAF is released from embryos in the presence of extracellular albumin. Further studies are required to confirm this trend. The regulation of PAF released by cells is not fully understood. One study (Leyravaud and Benveniste, 1989) showed that PAF released in vitro was reduced when cell numbers were high, owing to the resulting reduction in the pH of media. In the present study, culture conditions were standardized for embryo (hence cell) numbers, while the small number of cells present in embryo culture did not affect the pH of the embryo-culture media. Increasing the BSA concentration to 3 mg ml~' slightly reduced pH (~0.1-0.2 units), yet this condition supported PAF release.
One study (Bratton et al, 1991) on the regulation of PAF release showed that it required transbilayer movement of PAF to the outer leaf of the plasma membrane, which was facilitated by loss of membrane phospholipid asymmetry, possibly under the regulation of cellular transglutaminase (Bratton, 1993) .
Once PAF is in the outer leaf of the plasma membrane, extracellular 'acceptor' molecules are required to remove it from the membrane (Bratton et al, 1991) . The present study shows that albumin is an acceptor for the release of embryoderived PAF in vitro and that its concentration in media can be one limiting factor for PAF release by embryos.
Several lines of biochemical evidence show that albumin acts directly as an embryo-derived PAF 'acceptor' rather than having an indirect role in PAF release. Albumin was the only macromolecular supplement added to media, and PAF released by the embryo added to the solution consistently migrated with BSA after high performance gel filtration chromatography, affinity chromatography on Cibacron blue and anti-BSA and after electrophoresis on native preparative PAGE. PAF has a relatively high critical micellar concentration (CMC) of 1.1 µ I-1 in aqueous solution (Kramp et al, 1984) , which is considerably greater than the concentrations present in ECM. Similarly, the concentration of synthetic PAF used in these studies was below the CMC of PAF. In the absence of albumin, monomeric PAF added to media sticks to the surfaces of vessels (Blank et al, 1981) and is thus generally unavailable. PAF can be recovered from such surfaces by washing with media containing albumin or by washing with solvents (Ludwig et al, 1986) . The low concentration of PAF in albumin-free embryo media was not due to the loss of the PAF to the vessel surfaces, since no PAF could be recovered from the vessels by methanolic washing, or with media with 3 mg BSA ml~; rather, it appeared to be due to failure of the PAF to be released from the embryo.
In view of the observation that PAF released from embryos and synthetic PAF in solution both used albumin as an acceptor molecule, it was curious that embryo-derived PAF displayed differences in biochemical behaviour compared with synthetic PAF in culture media. There is sufficient biochemical evidence to show that the embryo-derived PAF is structurally equivalent to the synthetic PAF used in this study. That is, it is a mixture of hexadecyl and octadecyl isoforms of l-O-alkyl-2-acetyl-s«glyceryl-3-phosphocholine (mass spectrophotometric analysis: Kodama et al, 1989 ; reverse phase HPLC: Ammit et al, 1992) . Furthermore, the antibody used in the radioimmunoassay has been shown to be highly selective, with little crossreactivity with known structural analogues of PAF (Smal et al, 1990; Ammit and O'Neill, 1991) . Despite this structural homology, embryo-derived PAF could not be detected by direct assays of embryo-conditioned media by either a validated bioassay or radioimmunoassay. By contrast, synthetic PAF added to such medium was measured readily by direct assay, as was embryoderived PAF after its organic extraction from media and re-addition to equivalent media. Synthetic PAF was detected readily by direct assay after incubation with media for periods of 1-24 h. To confirm that this detection of synthetic PAF in direct assay was not simply an artefact of the method of its preparation, PAF was prepared by two different methods and both products were assayed. One method of preparation involved solubilization of dry PAF from the surface of siliconized glass tubes with medium/BSA (the standard method for preparing synthetic PAF in all other aspects of this study), while the other used PAF solubilised in ethanol and then added directly to medium/BSA. In both cases synthetic PAF was readily detected by direct (unextracted) radioimmunoassay.
One possible explanation for the results is that the molecule released by the embryo, and bound to albumin, is not the biologically active form of PAF, but some inactive precursor which is converted to active PAF upon organic extraction. We are unaware of any precedent in the literature for such chemistry and the structure of PAF does not readily suggest a possible precursor that would be converted to PAF during methanol/chloroform extraction. Such conversion, should it occur, would need to be entirely chemical, since the nature of the organic extraction process means that it is most unlikely that enzymatic activity of any form would remain.
Platelet-activating factonacetylhydrolase is selective for the hydrolysis of short chain acyl groups at the C2 carbon of phospholipids. Embryo-derived PAF in ECM was found not to be degraded by serum PAFAH yet was readily degraded after extraction and preparation as an aqueous solution. Excess albumin in media can inhibit the biological actions of PAF in vitro (Tokumura et al, 1987) and reduce PAF metabolism by PAF:AH (Chao et al, 1989; Kudolo and Harper, 1990 ). In the present study, it is clear that it was not simply the presence of albumin that caused embryo-derived PAF to be resistant to metabolism by PAFAH or detection in assays, since these effects were not inhibited when the medium was subjected to organic extraction and the lipid fraction added back to the medium with an equivalent concentration and preparation of BSA. Similarly, it was not the presence of an inhibitor that masked PAF, since [~H]PAF added to embryo-conditioned media was readily degraded by PAF:AH. Thus, the fractionation studies and metabolic assay results all showed consistent differences in the binding of syntheticand embryo-derived PAF to albumin. Structural analysis of PAF binding to albumin using limited proteolytic digestion of albumin was performed to give an insight into the possible causes of these differences.
Limited proteolytic digestion of albumin from ECM showed that embryo-derived PAF was found to be associated with a region of albumin located between amino acids 240 and 386. The relative absence of synthetic PAF from this region of albumin, together with its different biochemical behaviour, suggests that synthetic PAF either did not bind to this region of albumin or that it bound with a lower affinity, with the result that it was readily lost during biochemical manipulation. Albumin is organized into three domains (I, II and III) that form a 'heart-shaped' molecule, similar to that of a solid equilateral triangle, with sides of~0.8 nm (He and Carter, 1992) . The region containing amino acids 240-386 is within domain II of albumin. This domain contains a hydrophobic core which can provide a binding region for hydrophobic molecules (Brown and Shockley, 1982; Brodersen et al, 1990) . Kinetic analyses (Clay et al, 1990) indicate that albumin possesses four binding sites for PAF, although the location of these had not been defined. They had an average equilibrium dissociation constant of 10~mol 1~which was approximately tenfold greater than the embryo-derived PAF concentration in media with 3 mg BSA ml~. Thus, it remains to be determined whether the PAF binding sites on albumin and their affinity for PAF released from cells and PAF in solution are the same. The results of this study showed that the binding to albumin of embryo-derived PAF had different characteristics from that of PAF from solution. The manner by which this difference occurs requires investigation.
The results of this study resolve some of the conflicting reports on the release of PAF by embryos. Two reports (mouse: Smal et al, 1990;  rabbit: Angle et al, 1988) failed to detect PAF in ECM. In both cases embryos were cultured in protein-free medium. The results of the present study show that PAF is not released under such conditions. A third study (Ameil et al, 1989) found a PAF-like activity using the whole animal splenectomised mouse bioassay but was unable to detect PAF after ethanolic extraction and HPLC. Since syn¬ thetic PAF was recovered using this extraction procedure (albeit with poor recovery rates), Ameil et al (1989) concluded that the PAF-like activity observed in the whole animal bioassay may not have been PAF. The results of the present study show that recovery of exogenous synthetic PAF is an unsatisfactory control for recovery of embryo-derived PAF.
Ethanolic extraction is not a generally accepted methodology for recovery of cell-released PAF, although it seems satisfac¬ tory for extraction of cell-associated PAF. We suggest that conclusions regarding the release of embryo-derived PAF should only be made if fully validated Bligh-Dyer extraction procedures are followed.
Another source of conflicting evidence in the literature has been the varied reports on the ability of PAF to induce the expression of EPF activity in mice. PAF was found to induce EPF expression in mice (Orozco et al, 1986 ) and rabbits (Sueoka et al, 1988) . However, Cavanagh et al (1991) found, using an in vitro ovarian culture system, that ECM could induce expression of EPF, but synthetic PAF added to the same system could not. Most cells studied to date have high concentrations of PAFAH. PAFAH present in the culture system used by Cavanagh et al (1991) may have resulted in a rapid degra¬ dation of synthetic PAF. The results of the present study indicate that PAF released from the embryo would have been resistant to such degradation and, thus, would have remained available for ovarian stimulation. This study shows that observed differences in the biochemical or physiological actions of ECM and synthetic PAF do not of themselves infer that the actions of ECM are not caused by PAF.
The observation of binding of embryo-derived PAF to albumin in vitro does not show that it is also the acceptor of embryo-released PAF in the reproductive tract. Albumin is a major component of the luminal fluid within the mouse reproductive tract in early pregnancy (Aitken, 1977) and is, therefore, at least a potential acceptor. However, since the present study was performed with BSA, there can be no certainty that mouse albumin would show the same type of interaction. It has been reported that BSA and rabbit serum albumin showed different potential to protect PAF from PAFAH (Kudolo and Harper, 1990) . The multiple maternal responses to early pregnancy that are apparently mediated by embryo-derived PAF show that it is released in vivo. Further¬ more, there are several independent reports that untreated ECM injected into mice can induce thrombocytopenia (O'Neill, 1985b; Roberts et al, 1987; Elias et al, 1989) . Thus, embryoderived PAF is both active and bioavailable in vivo and can mimic at least one of the known effects of early pregnancy (thrombocytopenia; O'Neill, 1985b) .
A 'PAF-releasing factor' (molecular weight of 240 kDa) other than albumin has been identified in serum (Miwa et al, 1992 ). This protein had a high affinity (10 " 9 mol 1 " ') for PAF and also confers protection from hydrolysis by PAFAH. Further studies are required to identify the PAF acceptor for embryo-derived PAF in vivo. The present study shows that some PAF remains associated with embryos, suggesting that a potential intracellular or juxtacrine mediator role for embryo-derived PAF should be investigated. An extracellular acceptor such as albumin is required for release of this mediator from embryos and emphasises the necessity of considering the association of PAF with albumin when designing methods for its assay. Studies that do not include albumin as a media component will be unlikely to detect PAF. Both radiolabelled and synthetic PAF behave differently from embryo-derived PAF. Therefore, the use of synthetic PAF preparations may not be a suitable positive control for PAF assays. The possibility that binding of embryo-derived PAF to domain II of albumin in vivo alters its biological actions requires further experimental testing. The observation that such binding elicits protection from the actions of PAFAH in vitro infers that embryo-derived PAF may accumulate to concentrations in vivo not previously considered.
Note added in proof
We have now demonstrated that PAF released by endothelial cells is also located on domain II of albumin in a similar protected fashion as described here. This configuration requires changes to the conformation of albumin conferred by cysteinecysteine disulfide bonds*. 
